Abstract Background: Hemodynamic changes occur in the cerebral blood flow during cluster headache. Objective: The aim of the present work was to study the middle cerebral artery blood flow velocities and vasoreactivity in cluster headache patients as baseline values and after administration of 100% oxygen during the cluster period. Materials and methods: Three groups were studied. The 1st consisted of 12 patients with cluster headache, the 2nd consisted of 12 patients with unilateral migraine, and the 3rd one was healthy controls. The three groups had baseline velocity measurement of the MCA bilaterally by transcranial Doppler at standard conditions and after inhalation of 100% O 2 . Then breath-holding was allowed to calculate the breath holding index. Results: The breath holding index following administration of oxygen (BHI-O 2 ) was higher in the cluster group compared to the migraine group and the difference was statistically significant (t = 2.811 when P = 0.010). There was a statistically significant inverse correlation between the severity of the cluster attacks and the breath holding index (r = 0.750 when P = 0.005). Conclusion: Cerebral vessels are more reactive to stimuli after O 2 inhalation in patients with cluster headache. Cerebrovascular reactivity may be one of the future predictors of good response to O 2 therapy in patients with cluster headache.
Introduction
Hemodynamic changes in cluster headache (CH) have received less attention compared with the entity of signs/symptoms of the disease. Administration of oxygen during the CH attack has been demonstrated to reduce/interrupt the pain in 70% of the patients. 1, 2 Few studies have focused on cerebral blood flow (CBF) during the different phases of CH (active/remission), and the effect of oxygen therapy on it.
Recently, transcranial Doppler (TCD) monitoring of cerebral blood velocity (CBV) at the middle cerebral artery (MCA) level has been found to be a very useful method to investigate the intracerebral vascular changes, which may have a role in CH pathogenesis. 3, 4 
Aim of the work
The aim of the present work was to measure middle cerebral artery blood flow velocities and vasoreactivity in cluster headache patients during the cluster period and following administration of 100% oxygen.
Patients
This study was conducted on 24 patients presented to the neurology department at El-Hadara University Hospital with cluster and migraine headaches and 12 healthy controls as follows:
Study group: 12 patients complaining of cluster headache during the cluster period. Both patient groups had not received abortive or prophylactic medications for at least 24 h prior to the examination.
Methods

4.
1. All patients were subjected to the following:
1. Questionnaire for analysis of headache 5 and headache pain severity scale. The transcranial Doppler studies were done twice for each person; one as a baseline and the other after 5 min of 100% O2 inhalation at a flow rate of 10 liters per minute.
Statistics
Student's t test, one way ANOVA, Pearson correlation test and Chi Square test were done using SPSS package version 13.
Results
Demographic data
The cluster group consisted of 12 patients; all were males (100%). The migraine group consisted of 12 patients; eight were females (66.67%).
The control group consisted of 12 healthy volunteers; there were seven males (58.33%).
Comparing flow velocity changes after O 2 administration
On comparing the cluster group to the migraine group after oxygen inhalation; MCA mean flow velocity in the cluster headache group was lower (44.58 ± 8.83 SD cm/s) compared to the migraine group (53.67 ± 6.01 SD cm/s), and this difference was statistically significant (Table 1 ).
Comparing BHI after O 2 administration
On comparing the breath holding index following oxygen inhalation; (BHI-O 2 ) was significantly higher in the cluster group than in either the migraine group, (mean 0.91 ± 0.19 Table 1 Comparison between the mean velocities of the three groups before and after oxygen inhalation. SD), or the controls (mean 0.68 ± 0.20 SD), respectively ( Table 2) .
Correlation between pain severity and either mean baseline velocity or BHI
There was a statistically significant inverse correlation between the severity of the cluster attacks and the breath-holding index (r = 0.750 when P = 0.005). The baseline mean flow velocity of the MCA was increased significantly in correlation with the severity in the cluster patients, so the more severe the cluster attacks were, the higher mean flow velocity encountered in the MCA (r = 0.954 when P = 0.043).
Discussion
In recent years, TCD has been applied to studies of the pathophysiology of migraine, 8, 9 cluster headache, 3,4 tension-type headache, 10 and experimental headache. 11, 12 It provides a simple method of determination of cerebrovascular reactivity, which reflects the capacity of the cerebral vessels to react to changes of arterial CO 2 partial pressure with dilatation and constriction, thus showing their autoregulatory capacity. 13, 14 The dynamics of cerebral blood flow before and during the pain phase of CH have been investigated by noninvasive neuroimaging studies. Transcranial Doppler ultrasonography (TCD) and magnetic resonance arteriography (MRA) have shown an initial phase of vasodilatation with concomitant decrease of blood flow velocities in intracranial arteries during the headache phase, both in spontaneous and nitroglycerin-induced CH. [15] [16] [17] [18] It is unclear whether these vascular changes are causally related to the head pain of CH or whether they merely represent a phenomenon associated with a primary neural discharge. 19 Studies investigating the diagnostic value of ultrasonic features in cluster headache have not provided encouraging results because of their low sensitivity. However, preliminary results suggest that the study of cerebrovascular reactivity may enhance the diagnostic yield of TCD and provide information on the pathophysiology of cluster headache. 20 Most of the studies were in accordance with the findings of the present study, they have shown an increase in the cerebrovascular reactivity in the symptomatic side, compared to the non-symptomatic side 15 which goes with the vascular theory of the cluster headache. 21 On comparing the breath holding index following administration of oxygen (BHI-O 2 ) it was higher in the cluster headache group which showed a statistical significance.
Most of the studies addressing cerebrovascular reactivity using TCD were studying the migraine headache, they showed variability, some studies found a normal cerebrovascular response to CO 2 in migraineurs, 22 others reported reduced reactivity, 23, 24 however, most of the investigators agree that increased cerebrovascular reactivity is a feature of migraine. 25 One study was conducted on cluster headache patients by Shen JM et al., 26 there was a significant difference in intracranial artery vasomotor reactivity (VMR) between patients and controls in response to hypocapnia, also the difference of VMR between the bout and remission on the symptomatic side showed a statistical significance. But, they found that this difference disappeared 30 min after the headache phase. This study used voluntary hyperventilation rather than the breath-holding technique. They insonated the anterior cerebral artery. However, to the best of our knowledge, no study compared between the vasomotor reactivity before and after O 2 administration.
Also, to the best of our knowledge, there was no study found correlating the severity of the attack with the vasoreactivity considering the cluster headache patients. 27 
Conclusion
The cluster patients showed significantly lower mean flow velocity compared to the migraine group after oxygen inhalation following breath holding. The breath holding index following oxygen inhalation is significantly higher in the cluster patients compared to the migraine patients.
There was a statistically significant inverse correlation between the severity of the cluster attacks and the breath holding index.
Recommendations
More studies should be conducted to give a more clear explanation to the pathophysiology of the cluster headache.
More studies should be conducted to correlate the cerebral vasoreactivity after oxygen inhalation and the abortive effect of oxytherapy to the cluster attack. 
